The basic pattern of mastication is generated by a central pattern generator (CPG) 56 located in the brainstem. This CPG can produce repetitive jaw movements in response 57 to inputs from either higher centers or sensory afferents (Dellow and Lund 1971). 58
with trigeminal motoneurons during fictive mastication (Tsuboi et al. 2003) . These 75 rhythmical neurons receive inputs from sensory receptors that provide important 76 feedback during mastication: intraoral touch receptors, periodontal pressoreceptors and 77 muscle spindles (Tsuboi et al. 2003) . In vitro studies have shown that many dorsal 78
NVsnpr neurons are intrinsic bursters, and our most recent work has shown that 79 repetitive bursting in these cells depends on a persistent sodium conductance (I NaP 
MATERIALS AND METHODS 99 100
Brain slice preparation 101
102
Sixty one Sprague-Dawley rats (13 to 34 days old) were used for this study. 103
Retrograde labelling of trigeminal motoneurons was performed prior to slice 104 preparation to help position the recording electrode in NVsnpr. This was done by 105 injection of 5-10μl of Alexa fluor 488 conjugated cholera toxin (Subunit B) into the 106 masseter muscle of cryo-anaesthetized rat pups. One to two weeks later, the animals 107 were decapitated, the brainstem rapidly removed and immersed in oxygenated ice-cold 108 OD, A-M systems, Inc USA; 10-20 μm at the tip) containing 0.5M filtered NaCl and 131 an A-M systems 1800 amplifier. The trigeminal tract was stimulated extracellularly 132 using bipolar electrodes (~50µm between poles) made of twisted nichrome wires 133 (25µm diam.) positioned close to the recording electrode in NVsnpr. The intensity 134 (generally <1.5mA) was set to the minimum required to obtain responses for each cell. 135
Pulse duration was 0.25ms. Repetitive stimulation was performed at 40Hz for all cases 136 and assessed at different frequencies (20 to 100Hz) in some cases. The train duration 137 varied from 100ms to 2s. The data was digitized at 10kHz and stored using pClamp 9 138 (Axon instruments, Molecular Devices Corporation, USA). The cells selected for 139 analysis had a stable firing pattern under resting conditions during at least 10min of 140 baseline. For each unit, the protocol of stimulation was repeated ten times for single 141 pulses and five times for trains, with a minimum of one min between each stimulation 142 protocol. 143
144

Drug applications 145 146
Drugs were either added to the perfusing medium or locally applied with a Picospritzer 147 II ejection system (General Valve). Local applications were made by pressure-ejecting 148 the drug contained in a pipette placed in the vicinity of the recorded cell. D,L-2-amino-149 5-phosphonovaleric acid, (APV; Sigma-Aldrich) was either bath-applied (75μM) or 150 locally applied (50μM). N-methyl-D-aspartic acid, (NMDA; 1-2mM; Sigma-Aldrich 151 USA) was always locally applied, while 6,7-dinitro-quinoxaline (DNQX; Sigma-152 Aldrich) was bath applied (100 μM). In a few experiments a mixture of APV, DNQX 153
and Picrotoxin (50 μM) were applied together to block major excitatory and inhibitory 154 synaptic potentials. 155
156
Analysis 157
158
Data was analyzed off-line using Spike2 (Cambridge Electronics Division, CED. UK). 159
Spike detection and unit discrimination were performed with the template matching 160 and wavemark processing tools which insured that every action potential in the 161 recording trace is sorted according to its waveform signature. This enabled us to 162 discriminate firing of different cells when the activity of more than one unit was 163 picked up by the recording electrode. All subsequent analyses were conducted on 164 events detected by the software. Burst detection was performed using the script 165 Burst.s2s, in which we have arbitrarily defined a burst as a cluster of 3 or more action 166 potentials occurring at a shorter interspike interval. When such bursts occurred in a 167 regular periodic manner, they were referred to as "rhythmic bursting". Firing in single 168 spikes or in doublets, even if occurring in a regular periodic manner, was defined as 169 "tonic". Thus, in this study, the term "rhythmic" refers only to rhythmic bursting. To 170 analyse rhythmicity in the firing pattern, we used a method developed by Sugihara et 171 al. (1995) , to calculate Rhythm Indices (RIs) from the autocorrelograms. 172
Autocorrelograms were performed for all neurons that appeared to change from tonic 173 firing to bursting after trigeminal tract stimulation, and for 10 neurons that did not 174 appear to burst. Interval histograms were used to set the time bin size of the 175 autocorrelograms (5 to 10ms) as described in Lang et al. (1997, 1999) ] e = 1.6mM, and on neurons from rats at 218 least 13 days old. Single shocks delivered to the trigeminal tract had little sustained 219 effect on the spontaneous firing of NVsnpr neurons, whereas repetitive stimulation 220 was effective in 77% of cases. In our sample, 124 neurons fired tonically before 221 stimulation, 46 were bursting cells and 21 were silent. These 21 silent cells were 222 detected only after stimulation, which produced tonic firing that lasted 5.3±1.3s 223 (mean±SE) (Fig 2A) . Of the 124 tonically firing units, 52 (42%) increased their firing 224 frequency (from 6.2±0.8Hz to 28.5±3.2Hz) for a period of 4.4±0.6s after stimulation 225 (Fig 2B) . Inhibition of firing lasted in average 2s±0.5 and was observed in 17 cells 226 (14%) (Fig 2C) . Twenty cells (16%) did not respond to stimulation. Finally, in 35 cells 227 (28%), stimulation caused tonic firing to become rhythmic bursting with an average 228 bursting frequency of 8.3±0.7Hz for about 2.2±0.5s ( Fig 2D) . The effects on burst 229 firing units (n: 46) were also both excitatory and inhibitory. In 8 cells (17%) 230 stimulation caused an increase of burst frequency from 5.7±1.8Hz to 21.5±5.1Hz that 231 lasted 1.5±0.56s (Fig. 2E ). In 10 cases (22%) stimulation increased burst duration from 232 37±8.2ms to 180.4±43.6ms for about 3.7±1.5s ( Excitatory effects (on tonic firing and bursting neurons) were mostly seen in neurons 244 of the dorsal half whereas inhibitory effects were most often observed in the middle 245 part of the nucleus. Conversions from tonic to burst firing were exclusively observed 246 in the dorsal part of the nucleus. Cases where stimulation had no effect were spread 247 throughout the nucleus. . The RI increased to 3.0, but the dominant frequency remained at 6.5Hz. 261
In all 35 neurons that converted from tonic firing to rhythmic bursting, the calculated 262
RIs were negative (non-rhythmic) prior to repetitive stimulation of the tract ( and 8.32±0.72Hz using FFT). The median was 6.25Hz (range 2.5-17.5 Hz) using both 273 methods. Figure 5C shows the distribution of the frequencies calculated with FFTs. 274
These ranged from 1 to 20 Hz. Among the 35 neurons that began to fire rhythmically 275 after stimulation, two units could be clearly detected in the raw data in 7 cases. In such 276 cases, crosscorrelograms were also computed. Figure 6 shows an example where two 277 units were recorded, one with a large action potential that fired tonically and one with 278 a smaller action potential that fired in bursts. There was no clear temporal relationship 279 between firing of both units before stimulation as shown in the flat crosscorrelogram 280 (Fig. 6A, bottom) . However, stimulation of the tract caused firing of the large unit to 281 become rhythmic and bursts were synchronized in both units at 8.3Hz (Fig. 6B) . In this 282 case, the latency between firing in the two units was 10 ± 1.5ms as shown in the cross- ] e = 1.6mM). About 8s after NMDA application, the cell began to 306 burst (5Hz), (Fig. 7B) but firing returned to a tonic pattern again with the washout of 307 NMDA (Fig. 7C) . NMDA was tested in 22 of the 191 cases recorded in physiological 308 [Ca 2+ ] e . In half of these, an increase of tonic firing was observed, but rhythmic 309 bursting was induced in 7 cases (33%). No effects were seen in 2 cases. In 2 of 22 310 cases (6%) rhythmic bursting could be obtained with NMDA application and also with 311 stimulation of the trigeminal tract. 312
To assess whether NMDA receptors also contributed to the bursting induced by 313 afferent input, we tested the ability of APV to block rhythmic bursting caused by 314 stimulation of the tract in 15 neurons in physiological [Ca 2+ ]. In 9 of these cases 315 (60%), APV completely blocked the effect of stimulation. Figure 7D shows an 316 example of a tonic firing neuron that bursts rhythmically after repetitive stimulation of 317 the trigeminal tract. Local application of APV (Fig. 7E) prevented the change in firing 318 pattern, which recovered after washout (FIG. 7F) . In contrast, DNQX, an 319 AMPA/Kainate receptor antagonist, had no effect on stimulation-induced bursting (n: 320 
Effects on bursting 338
Neurons that fired spontaneously in 1.6mM [Ca 2+ ] e were found throughout the 339 nucleus, but only those in the dorsal 3/5 th were affected by the stimulation (Fig. 3) . 340 About 1/3 rd fired in bursts, and stimulation increased burst frequency or duration of 341 about 40% of these. 2/3 rds fired tonically, and in about 30% of these, firing became 342 rhythmic after stimulation. Many of these transformed neurons were found to be in the 343 most dorsal portion of the nucleus. Calculations of RIs conducted in all of these 35 344 cases confirmed that their firing pattern was not rhythmic prior to stimulation and 345 became rhythmic after stimulation. This method has been developed by Sugihara et al. 346
(1995) to detect periodicity in firing patterns using autocorrelation. Indeed, cells that 347 did not appear to have regularity in their firing upon visual inspection also had 348 negative RIs (indicating that they were not rhythmic). Conversion from tonic firing to 349 rhythmical bursting during stimulation is probably due to the release of glutamate, and 350 involves activation of NMDA receptors because it was blocked by APV and not 351 affected by DNQX. NMDA-induced bursting has been described in several 352 preparations and systems before. In most of these cases, the NMDA-induced bursting 353 relied on a plateau potential that involved Ca 2+ entry into the cell (Büschges et al. Westneat and Hall (1992) showed that the frequency of EMG bursts in the jaw 386 muscles of freely behaving rats ranged from 5 to 11Hz with a mean of 8.5Hz, which 387 corresponds very well to the burst frequency of the great majority of our neurons. 388
The burst frequency of 6 of our neurons was above 12Hz, suggesting that these could 389 correspond to the "non-masticatory" rhythmic neurons of Tsuboi et al. (2003) . These 390 were found ventral to the masticatory neurons, and fired bursts at 2-3 times the 391 masticatory rate that were not phase-linked to the masticatory motor pattern. They had 392 receptive fields on the lips and face, suggesting that they could be part of a CPG for 393 whisking, which has a frequency range of 5-15Hz in rats (Berg and Kleinfeld 2003) . CPGs (Grillner 2006). We were able to examine these in 6 pairs of spontaneously-420 firing neurons that fired in bursts after stimulation. In all cases, the bursts were of the 421 same frequency after stimulation, and they were phase-coupled. There was also a 422 tendency for spikes of one to occur about 9ms after the other. The relatively long 423 latency between the spikes of the two units argues against direct coupling through gap 424 junctions and even direct excitatory projections from one neuron to the other. The majority of the excitatory responses (black upright triangles and white circles) 759 occurred in the dorsal half of the NVsnpr, as did conversion from tonic to burst firing 760 (crosses). The inhibitory effects (black downward triangles and black circles) were 761 more frequent in the middle of the nucleus and the cases where the stimulation had 762 no effect were spread throughout the nucleus (white squares and white triangles). 763
The 21 silent neurons that were excited by stimulation are represented by white 764 circles together with the 52 cells that were tonically excited. 
